Context. Up to now only a few intermediate-mass molecular outflows have been studied with enough high-angular resolution. Aims. The aim of this work is to study in detail the intermediate-mass YSO IRAS 22272+6358A, which is embedded in L1206, and its molecular outflow, in order to investigate the interaction of the outflow with the dense protostellar material, and to compare their properties with those of lower mas counterparts. Methods. We carried out OVRO observations of the 2.7 mm continuum emission, CO (J=1→0), C 18 O(J=1→0), and HC 3 N (J=12→11) in order to map with high-angular resolution the core of L1206, and to derive the properties of the dust emission, the molecular outflow and the dense protostellar envelope. Results. The 2.7 mm continuum emission has been resolved into four sources, labeled OVRO 1, 2, 3, and 4. The intermediate-mass Class 0/I object OVRO 2, with a mass traced by the dust emission of 14.2 M ⊙ , is the source associated with IRAS 22272+6358A. The CO (J=1→0) observations have revealed a very collimated outflow driven by OVRO 2, at a PA ≃ 140
Introduction
Molecular outflows are an ubiquitous phenomenon during the earliest stages of star formation for Young Stellar Objects (YSOs) of all masses and luminosities. During the last decades, many studies have been devoted to the study and description of the physical properties of molecular outflows driven by lowmass protostars and of their embedded driving sources (e.g. Bachiller 1996; Richer et al. 2000) . In recent years, high-mass molecular outflows have also been studied in detail, and many surveys have been carried out toward massive star-forming regions to achieve a more accurate picture of their morphology and properties (e.g. Shepherd & Churchwell 1996a , 1996b Zhang et al 2001; Shepherd 2005) . However, although the interest for the lower and, in particular, for the higher end of the mass spectrum has been growing in recent years, this has Send offprint requests to: M. T. Beltrán, e-mail: mbeltran@am.ub.es not been the case for intermediate-mass protostars, which have masses in the range 2 M ⊙ ≤ M ⋆ ≤ 10 M ⊙ and also power energetic molecular outflows. In fact, only few deeply embedded intermediate-mass protostars are known to date, and only for a very limited number of them their outflows have been studied at high-angular resolution (e.g. NGC 7129: Fuente et al. 2001; HH288: Gueth et al. 2001; IRAS 21391+5802: Beltrán et al. 2002) .
Intermediate-mass protostars are rare in comparison with their low-mass counterparts and tend to be located at greater distances. The immediate vicinity of intermediate-mass protostars is a very complex environment, where the extended emission is usually resolved into more than one source when observed at high-angular resolution (e.g. G173.58+2.45: Shepherd & Watson 2002 ; IRAS 21391+5802: Beltrán et al. 2002) . The molecular outflows driven by intermediate-mass objects are usually more energetic. Thus, their interaction with the circumstellar gas and dust material surrounding the proto- stars is expected to be stronger and more dramatic, disrupting the envelopes and pushing away the dense gas at high velocities. Although these outflows are, in general, less collimated and more chaotic than those of low-mass stars (e.g. NGC 7129: Fuente et al. 2001) , this could probably be due to observational constraints. Since these regions are located, on average, further away, these outflows are usually observed with less linear spatial resolution than nearby low-mass flows. However, when observed with high-angular resolution their appearance seems to be more collimated and less chaotic (e.g. HH 288: Gueth et al. 2001; IRAS 21391+5802: Beltrán et al. 2002) . Therefore, in order to better understand intermediate-mass stars and compare their morphology and evolution with those of low-mass stars, more high-angular observations of the dust and gas around them are needed.
In this paper, we present a detailed interferometric study of the intermediate-mass protostar IRAS 22272+6358A and of its molecular outflow. IRAS 22272+6358A is a 1200 L ⊙ (Sugitani et al. 1989 ) YSO located at a distance of 910 pc (Crampton & Fisher 1974) and deeply embedded in the bright-rimmed cloud L1206 (BRC 44: Sugitani et al. 1991) . This infrared source has no optical counterpart, and at near-infrared wavelengths, the embedded source has been only seen in scattered light (Ressler & Shure 1991) . At far-infrared wavelengths, the source, undetected at 12 µm, emits most of its energy at 60 and 100 µm and has a flux density at 100 µm greater than that at 60 µm. This means that its T (60/100) color temperature is lower than 50 K (38 K; Casoli et al. 1986) , and therefore, that the source is very embedded, cold, and young. The embedded source has been detected at 2.7 and 2 mm (Wilking et al. 1989; Sugitani et al. 2000) , but not at 2 nor 6 cm wavelengths (Wilking et al. 1989; McCutcheon et al. 1991) . Sugitani et al. (1989) have discovered a CO molecular outflow in the region, although they have only mapped the blueshifted outflow lobe, since the redshifted lobe was too faint to be mapped with the sensitivity achieved with their CO (J=1→0) 4-m radio telescope observations. The core toward IRAS 22272+6358A has also been observed in different high-density tracers, such as HCO + (Richards et al. 1987) , NH 3 (Molinari et al.1996 ), CS and N 2 H + (Williams & Myers 1999) , and 13 CO and C 18 O (Ridge et al. 2003) .
Observations
Millimeter interferometric observations of L1206 at 2.7 mm were carried out with the Owens Valley Radio Observatory (OVRO) Millimeter Array of six 10.4 m telescopes in the L Fig. 1 . OVRO map of the 2.7 mm continuum emission toward the core of L1206. The synthesized beam is 6.
′′ 3 × 4. ′′ 8 at P.A. = −27
• , and is drawn in the bottom left corner. The rms noise of the map, σ, is 1.4 mJy beam −1 . The contour levels are −5 σ, −3 σ, 3 to 7 times σ by 1 σ, 10 σ, 15 to 30 times σ by 5 σ, and 40 σ. The error ellipse of IRAS 22272+6358A is indicated in white. The dotted circle represents the OVRO primary beam (50% attenuation level).
(Low) and C (Compact) configurations, on 2003 May 1 and June 1, respectively. The data taken in both array configurations were combined, resulting in baselines ranging from 15 to 115 m, which provided sensitivity to spatial structures from about 4.
′′ 8 to 37 ′′ . The digital correlator was configured to observe simultaneously the continuum emission and some molecular lines. Details of the observations are given in Table 1 . The phase center was located at α(J2000) = 22 h 28 h 51. s 50, δ(J2000) = +64
• 13 ′ 42. ′′ 3. Bandpass calibration was achieved by observing the quasars 3C84, 3C273, and 3C345. Amplitude and phase were calibrated by observations of the nearby quasar J1927+739, whose flux density was determined relative to Uranus. The uncertainty in the amplitude calibration is estimated to be ∼20%. The OVRO primary beam is ∼64 ′′ (FWHM) at 115.27 GHz. The data were calibrated using the MMA package developed for OVRO (Scoville et al. 1993) . Reduction and analysis of the data were carried out using standard procedures in the MIRIAD and GILDAS software packages. We subtracted the continuum from the line emission directly in the (u, v)-domain for C 18 O (J=1→0) and HC 3 N (J=12→11), and in the image domain for CO (J=1→0). 
Results

Dust emission
In Fig. 1 we show the OVRO map of the 2.7 mm continuum emission toward the core of L1206, where IRAS 22272+6358A is embedded. The continuum dust emission mapped at 2 mm by Sugitani et al. (2000) is resolved out in four different clumps, labeled OVRO 1, OVRO 2, OVRO 3, and OVRO 4, with the higher angular resolution of our interferometric observations. The position, flux density at 2.7 mm, deconvolved size of the sources, measured as the geometric mean of the major and minor axis of the 50% of the peak contour around each source, the mass of the gas for each source, and the average H 2 volume and column density are given in Table 2 . The total integrated flux at 2.7mm is ∼120 ± 24 mJy. This value is consistent with the 2.7 mm expected flux of ∼ 125 mJy derived from the 2 mm integrated flux of 414 mJy obtained with the single dish Nobeyama 45-m telescope (Sugitani et al. 2000) for a dust absorption coefficient proportional to ν 2 . Therefore, this indicates that no significant fraction of the total flux has been filtered out by the interferometer.
The strongest source detected at 2.7 mm in the region is OVRO 2. As can be seen in Fig. 1 , this source is the object associated with the infrared source IRAS 22272+6358A. OVRO 2 is located at the center of the CO molecular outflow detected in the region (see next section and Fig. 2 ), which suggests that it is its driving source. The millimeter emission of OVRO 2 shows two components, a centrally peaked source, which has a diameter of ∼3.
′′ 5 (∼3200 AU) at the 50% of the dust emission peak, plus an extended and quite spherical envelope, which has a size of ∼13 ′′ (∼11800 AU) at the 3 σ contour level. By fitting an elliptical Gaussian to the visibility data at the position of the dust emission peak, we found a total flux of 78 mJy, and a size of 3.
′′ 6 ± 0.
• . This size corresponds to a linear size of ∼3200 ×2400 AU. These sizes are consistent with the values found for envelopes around low-and intermediatemass protostars (e.g., Hogerheijde et al 1997 Hogerheijde et al , 1999 Looney et al. 2000; Fuente et al. 2001; Beltrán et al. 2002) .
The source OVRO 1 is a clump, located ∼11 ′′ northwest of OVRO 2, elongated along the CO outflow axis (see Fig. 2 ). In fact, as can be seen in this figure, OVRO 1 clearly coincides with the the blueshifted emission lobe, and therefore, it could be dusty material entrained by the outflow. The other two sources in L1206, OVRO 3 and 4, which are located ∼15-18 ′′ southeast of OVRO 2, have similar flux densities (∼11-13 mJy) and deconvolved size (∼5000 AU). Both sources are separated by only ∼5.
′′ 3 (∼5000 AU) and could be sharing a common envelope around them.
The molecular outflow: CO emission
The molecular outflow in L1206 associated with IRAS 22272+6358A, that is, OVRO 2, has been previously studied through lower angular resolution CO observations by Sugitani et al. (1989) . However, since the red wing of this outflow is so weak, those authors were not able to map the red lobe. In addition, from their CO blueshifted emission integrated map, it is not clear the direction of the outflow. The observations reported in this study improve significantly the angular resolution of the outflow maps, revealing the structure of the molecular outflow in detail, and its direction as well. In addition, we have been able to detect and map the weak outflow redshifted emission. Figure 2 shows the maps of the integrated CO (J=1→0) emission in two different blueshifted and redshifted velocity intervals. The systemic velocity, V LSR , reported in the literature • , of the molecular outflow. The position offset is relative to the projection of the 2.7 mm continuum emission peak onto the outflow axis, α(J2000) = 22 h 28 h 51. s 52, δ(J2000) = +64
• 13 ′ 41. is roughly −10 km s −1 (Richards 1987; Sugitani et al. 1989; Wilking et al. 1989; Wouterloot & Brand 1989; Williams & Myers 1999) . However, from our fits to the C 18 O (J=1→0) and HC 3 N (J=12→11) spectra, we have estimated a systemic velocity V LSR ≃ −11 km s −1 (see next sections), which is the value used in this paper. Regarding the line widths in the region, which have been estimated from CO and CS and isotopomers, HCO + , and N 2 H + lines, the values derived are in the range 0.7 to 3.0 km s −1 (Richards 1987; Wilking et al. 1989; Wouterloot & Brand 1989; Molinari et al. 1996; Williams & Myers 1999; Ridge et al. 2003) . Therefore, taking this into account, we conservatively considered the CO ambient cloud velocity interval to be (−13.5, −8.5) km s −1 , that is, −11 ± 2.5 km s −1 . And for the outflow, we took the (−19.5, −13.5) km s −1 velocity interval for the low-velocity blueshifted emission, (−8.5, −2.5) km s −1 for the redshifted one, (−30.5, −19.5) km s −1 for the highvelocity blueshifted emission, and (−2.5, +8.5) km s −1 for the redshifted one. As can be seen in Fig. 2 the molecular outflow is elongated in a direction with PA = 140
• and has a very weak redshifted emission. In fact, the southeastern red lobe is only visible at low outflow velocities. The outflow is clearly centered at the position of OVRO 2, which seems to be its driving source. Figure 3 shows the CO (J=1→0) spectrum toward the position of OVRO 2, where a blueshifted wing that extends to very high velocities, and a weak redshifted wing are clearly visible . In this figure a strong self-absorption observed for the central velocity channels is also visible. This self-absorption feature is probably due to the filtering out of part of the extended emission by the interferometer, although we cannot exclude opacity effects as well, and it makes impossible to study the cloud structure with CO (J=1→0). The direction of the outflow and the presence of a red wing are also confirmed by the position-velocity (PV) cut done along the major axis of the outflow (140
• ), and centered in the projection of the OVRO 2 dust emission peak position onto the outflow axis (Fig. 4 ).
This picture of the molecular outflow supports the scenario drawn by Ressler & Shure (1991) from near-infrared polarimetry, photometry, and imaging of the core of L1206. According to these authors, the near-infrared northwestern object named A-1, which is composed of scattered light, is the blueshifted lobe of the jet pointed slightly toward us, while the weaker southeastern object A-2, also composed of scattered light, is the redshifted lobe pointed away. The position of these two lobes coincides with the CO blueshifted and redshifted lobes, respectively. The protostar that is powering the outflow has to be heavily embedded, as is not detected at near-infrared wavelengths. Ressler & Shure (1991) propose that the driving source is a Class I object with an optically thick disk lying almost edge-on to the line-of-sight, and located at α(J2000) =
22
h 28 h 51. s 54, δ(J2000) = +64
• 13 ′ 42. ′′ 3, which is roughly coincident with the 2.7 mm OVRO 2 position (see Table 2 ). . The emission is dominated by a central compact component that peaks at the position of the continuum intermediate-mass continuum source OVRO 2, as it can be clearly seen for the channel maps at velocities of −11.7 and −12.4 km s −1 (see Fig. 5 ). Therefore, such emission is tracing the innermost part of the protostellar envelope. For velocities between −9.7 and −11.0 km s −1 the C 18 O emission shows an additional extended component elongated north and east of OVRO 2 and also in part associated with the continuum sources OVRO 3 and 4. As can be seen in the channel and integrated maps, there is also some redshifted emission, visible at velocities of −8.3 and −9.0 km s −1 , which is located in the same direction as the CO redshifted lobe (see Fig. 2 ) but much more southeastwards than the emission traced by CO. The total integrated intensity of the central emission is ∼15 Jy beam −1 km s −1 , and has a deconvolved size, measured as the geometric mean of the major and minor axes of the 50% of the peak contour of the gas, of 11.
C 18 O emission
′′ 4 or ∼ 10400 AU.
HC 3 N emission
The HC 3 N (J=12→11) transition has a high critical density (8 × 10 5 cm −3 : Chung et al. 1991) , which makes it an even better tracer of high density regions than e.g. CS (J=1→0) and CS (J=2→1). Figure 7 shows the velocity channel maps for the HC 3 N (J=12→11) emission toward the core of L1206, around the systemic velocity, V LSR ≃ −11 km s −1 , overlaid on the continuum emission. The emission integrated over the velocity interval (−11.7,−9.7) km s −1 is shown in the bottom panel of Fig. 6 . The gas emission at velocities of −11.0 and −11.7 km s −1 is very compact and peaks at the position of the continuum intermediate-mass protostar OVRO 2. At these velocities an emission tail is also visible toward the southeast, which is associated with the continuum sources OVRO 3 and 4. For the redshifted velocities −9.7 and −10.3 km s −1 , the emission shows a less compact and more elongated morphology (see Figure 7) . The emission peak of the gas at these two redshifted velocities is located southeastwards of OVRO 2, in the same direction as the the CO redshifted lobe (see Fig. 2 ). As can be seen in the channel and integrated emission maps, the gas emission is elongated along the direction of the CO molecular outflow. This morphological correlation between the outflow and dense protostellar material is similar to the case of the low-mass Class 0 source in L1157 (Beltrán et al. 2004a) , mapped in the same molecular line HC 3 N (J=12→11). However, for L1206, our OVRO observations did not provide us with enough angular resolution to trace in HC 3 N the apparent base of the outflow conical cavities as traced by the CO, and to more clearly map the "cross-like" pattern characteristic of the interaction between the molecular outflow and the protostellar envelope. The integrated HC 3 N emission has a flux density ∼10.5 Jy beam −1 km s −1 , and a deconvolved size of 8.
′′ 8 or ∼ 8000 AU. The kinematics of HC 3 N toward the core of L1206 can be seen in the PV cut done along the direction of OVRO 2 molecular outflow (see Fig. 8 ). The emission shows two peaks, one at the position of the continuum source, which corresponds to offset position zero, at the systemic velocity, and the other one ∼ 5.
′′ 5 southeast from the central position, at a velocity of ∼ −10.3 km s −1 . In addition to this redshifted emission peak, an excess of emission, or emission tail, is also clearly visible extending further away than the CO redshifted lobe (up to ∼27 ′′ or ∼24600 AU southeastwards of OVRO 2), and reaching velocities up to ∼−9 km s −1 .
Analysis and Discussion
Dust emission
The masses of the cores given in Table 2 have been estimated assuming that the dust emission is optically thin, by using
where S ν is the flux density, d is the distance to the source, κ ν is the dust mass opacity coefficient, g is the gas-to-dust ratio, and B ν (T d ) is the Planck function for a blackbody of dust temperature T d , all measured at ν = 112.5 GHz. We adopted κ 112.5 = 0.20 cm 2 g −1 (κ 0 = 1 cm 2 g −1 at 250 GHz: Ossenkopf & Henning 1994), g = 100, and T d = 33 K for all the sources. Estimates of T d have been obtained by fitting a grey-body to the IRAS fluxes at 60 and 100 µm and to the sum of fluxes of the 4 clumps at 2.7 mm We have neglected the IRAS fluxes at 12 and 25 µm in the fit. The reason for this choice is that two components are known to be present in the SEDs of luminous YSOs (see Sridharan et al. 2002) : one associated with compact, hot gas and dominating the 12 and 25 µm fluxes; the other due to colder material, contributing to the 60 and 100 µm emission. The latter is the one of interest to us because we want to estimate the temperature of the low-temperature dust in the Fig. 2 ). circumstellar envelope of the sources. Adopting a dust absorption coefficient proportional to ν 2 , we found T d ≃ 33 K. This is the same value obtained by Sugitani et al. (2000) fitting the fluxes at 2 mm, 100 and 60 µm, with a dust absorption coefficient proportional to ν 1.8 . The mass estimated for OVRO 2 is 14.2 M ⊙ , while for the other sources the mass is 1.6, 1.8, and 2.2 M ⊙ for OVRO 1, OVRO 3, and OVRO 4, respectively. Therefore, OVRO 2, which has a circumstellar mass consistent with the YSO being an intermediate-mass source, accounts for most of the mass toward the core of L1206. The mass estimates of the other sources suggest that they are low-mass YSOs. We also estimated the average H 2 volume density, n(H 2 ), and column density, N(H 2 ), of the sources by assuming spherical symmetry and a mean molecular mass per H 2 molecule of 2.8m H . The values are given in Table 2 .
Physical parameters of the CO outflow
Assuming that the CO emission is in LTE and is optically thin, the mass of the gas associated with the outflow detected in the region can be calculated by using Fig. 8 . PV plot of the HC 3 N (J=12→11) emission along the major axis, PA= 140
• , of the molecular outflow. The position offset is relative to the projection of the 2.7 mm continuum emission peak onto the outflow axis, α(J2000) = 22 h 28 h 51. s 52, δ(J2000) = +64
• 13 ′ 41. where T ex is the CO excitation temperature, d is the distance in kpc, and S ν is the line flux density measured in Jy. An excitation temperature of 24 K has been estimated from the CO (J=2→1) antenna temperature, T * A = 15.4 K, obtained by Wilking et al. (1989) , which corresponds to T R = 18.6 K (Kutner & Ulich 1981) for an efficiency η c = 1 and a forward scattering and spillover efficiency η fss = 0.83. We assumed an [H 2 ]/[CO] abundance ratio of 10 4 (e.g. Scoville et al. 1986 ), and a mean atomic mass per H atom µ = 1.4. In Table 3 we give the masses, the CO momentum, the kinetic energy, and the momentum rate in the outflow. We also report the range of outflow velocities for the outflow. Note that due to the fact that some emission is resolved out by the interferometer, and the absorption by the ambient cloud, the masses calculated should be considered as lower limits. There is also the possibility that the CO is optically thick in portions of the flow, although the correction for opacity should be small, as one would expect that for high outflow velocities the material is optically thin. Finally, it should be taken into account the integration range chosen, which could make that part of the outflow at low velocities is not counted. Note that the momentum, kinetic energy, and momentum rate in the outflow have not been corrected for the (unknown) inclination angle, i, of the flow with respect to the plane of the sky. In case of correcting for inclination, the velocities should be divided by sin i. The values of the mass, momentum, kinetic energy, and momentum rate are smaller than the values estimated for other intermediate-mass molecular outflows, such as IRAS 20050+2720 (Bachiller et al. 1995) , IRAS 21391+5802 (Beltrán et al. 2002) , HH288 (Gueth et al. 2001) , L1641S (see references in Anglada 1995 and Wu et al. 2004 ), or NGC 2071 (Snell et al. 1984) , as can be seen in Table 4 , and are more consistent with the values derived for low-mass outflows (e.g. Cabrit & Bertout 1992; Anglada 1995; Bontemps et al. 1996; Lee et al. 2000 Lee et al. , 2002 . The reason for this could be the weakness of the redshifted lobe of the OVRO 2 flow, which is hardly contributing to the mass, momentum and energy of the molecular outflow. A possible explanation for the weakness of the redshifted lobe is given in Sect. 4.6.
Envelope mass from gas emission
One of the major problems when using the gas emission to estimate the mass of the molecular core is the uncertainty of the gas abundance relative to molecular hydrogen. Therefore, due to these uncertainties, instead of measuring the mass of the gas toward the intermediate-mass protostar OVRO 2 from the C 18 O or HC 3 N emission, it is better to estimate the fractional abundance of C 18 O and HC 3 N. In order to do that, we integrated the gas emission in the same area (∼162 arcsec 2 ) used to estimate the mass of the gas from the continuum dust emission, and assumed that the mass toward OVRO 2 derived from the HC 3 N is the same as that derived from the 2.7 mm continuum emission; that is, 14.2 M ⊙ . Following the derivation of Scoville et al. (1986) , and assuming optically thin emission, the C 18 O beam averaged column density is given by N = 4.6 10 13 (T ex + 0.878)
where T ex is the excitation temperature, and T B dv is the integrated brightness temperature of the C 18 O (J=1→0) emission in K km s −1 . Assuming an excitation temperature T ex = 24 K, the estimated C 18 O (J=1→0) abundance relative to molecular hydrogen is 3 × 10 −8 toward OVRO 2, a value that is ∼6 to 13 times lower than typical fractional abundances estimated toward molecular clouds, 1.7-4×10 −7 (Frerking et al. 1982; Kulesa et al. 2005) . Even if one takes into account the uncertainties up to a factor of 5 introduced in the mass estimates by the different dust opacity laws used, the value of the abundance derived toward OVRO 2 would be lower than the typical fractional abundances. In particular, it would be clearly inconsistent with the abundance of 4×10 −7 derived by Kulesa et al. (2005) in the ρ Ophiuchi molecular cloud. The excitation temperature value adopted cannot account for the abundance difference, as the abundance estimate is not significantly affected by the excitation temperature (the abundance would be 2.7×10 −8 for T ex = 20 K, and 4×10 −8 for T ex = 40 K). One should also take into account opacity effects, in case the C 18 O emission is optically thick. In such a case the gas mass would be higher and the C 18 O (J=1→0) abundance relative to molecular hydrogen higher. In case the opacity of the gas is τ 3, the main beam brightness temperature can be given by T mb ≃ f [J(T ex ) − J(T bg )], where f is the beam filling factor and T bg is the background temperature. For OVRO 2, T mb is 2.94 K (see Table 5 ), and T ex = 24 K. Therefore, the filling factor would be f = 0.14, suggesting that the emission is clumpy. However, if the C 18 O emission was clumpy, such clumps should be visible in the maps done with uniform weighting or with negative robust parameter, and this is not the case. This means that opacity can be ruled out as the re- (a) The parameters correspond to the whole emission of the different outflow lobes detected in IRAS 20050+2720 (Bachiller et al. 1995) .
(b) Beltrán et al. (2002) .
(c) Because of the difficulty to treat each outflow separately the parameters correspond to the whole emission, thus including the two outflows detected in HH228 (Gueth et al. 2001 ).
(d) Anglada (1995) and Wu et al. (2004) . (e) Snell et al. (1984) .
sponsible of the mass difference. Therefore, the most plausible explanation to account for the low C 18 O (J=1→0) abundance appears to be CO depletion toward OVRO 2.
Regarding the HC 3 N emission, the uncertainties in the HC 3 N abundance relative to molecular hydrogen (see e.g. Hasegawa et al. 1986 ) can make the mass estimates to vary up to 3 orders of magnitude. Chung et al. (1991) estimate abundances of (2-7) ×10 −10 in massive dense cores, while that of a low-mass dense core, L1551, has been estimated to be 2×10 −9 . Similar abundances have been estimated by Jørgensen et al. (2004) for a sample of Class 0 and Class I low-mass protostellar envelopes. The average values determined are 3.5×10 −10 and 3.1 × 10 −9 , respectively. However, abundances as low as ∼3×10 −11 have been estimated for a sample of 19 low and massive molecular clouds (Vanden Bout et al. 1983) , and as high as ∼10 −8 for hot cores associated with intermediate-and highmass stars (de Vicente et al. 2000; Martín-Pintado et al. 2005) . Therefore, as done before with the C 18 O emission, we estimated the fractional abundance of HC 3 N toward OVRO 2. Following the derivation of Scoville et al. (1986) , and assuming optically thin emission, the HC 3 N beam averaged column density is given by N = 4.2 10 10 (T ex + 0.073)
where T ex is the excitation temperature, and T B dv is the integrated brightness temperature of the HC 3 N (J=12→11) emission in K km s −1 . Assuming an excitation temperature T ex = 24 K, the estimated HC 3 N abundance relative to molecular hydrogen is 7 × 10 −11 toward OVRO 2, a value in the lower end of the range of fractional abundances estimated toward molecular clouds.
4.4. Physical parameters of the dense core toward OVRO 2 Table 5 lists the fitted parameters for C 18 O (J=1→0) and HC 3 N (J=12→11) toward the 2.7 mm continuum peak position of OVRO 2. The spectra and the corresponding Gaussian fits are shown in Fig. 9 . In Table 5 we also give the deconvolved size, and the virial mass estimated assuming a spherical clump with a power-law density distribution ρ ∝ r −p , and neglecting contributions from magnetic field and surface pressure. In such a case the virial mass can be computed from the expression (see e.g. MacLaren et al. 1988) :
where p is the density distribution power-law index, d is the distance, θ is the deconvolved size of the source, and ∆V is the line width. The line widths, which have been estimated from the Gaussian fits to the spectra, coincide with the line widths estimated from the second order moment maps. The virial masses estimated from C 18 O and HC 3 N are 13.4-17.8 M ⊙ , and 10.6-14.2 M ⊙ , respectively, for typical density distributions with p = 2.0-1.5. Such values are consistent with the mass derived from the continuum. However, the mass of the central protostar has not been taken into account in this calculation. Therefore, in fact, the total mass (circumstellar plus protostar) of OVRO 2 is probably higher than the virial mass, suggesting that this object is likely undergoing collapse, as one would expect from a very young stellar object.
Intermediate-mass protostars and their outflows
The millimeter continuum emission around IRAS 22272+6358A has been resolved into four different clumps (see Fig. 1 ): an intermediate-mass source, OVRO 2, and three less massive and smaller objects, OVRO 1, OVRO 3, and OVRO 4. This situation resembles very closely the scenario around IRAS 21391+5802, which is located in the bright-rimmed cloud IC1396N. In this case, the millimeter and centimeter emission have been resolved into an intermediatemass source, BIMA 2, which is the YSO associated with IRAS 21391+5802, surrounded by two (Beltrán et al. 2002) or maybe three (Beltrán et al. 2004b ) much less massive YSOs, with different morphologies and properties. As already mentioned, OVRO 2 is the source associated with IRAS 22272+6358A, has the strongest millimeter emission, and is also the most massive object toward the core of L1206. The source is associated with OH and CH 3 OH maser emission (MacLeod et al. 1998) but not with H 2 O maser emission (Palla et al. 1991 ). The source is neither associated with continuum emission at 2 and 6 cm (Wilking et al. 1989; McCutcheon et al. 1991) . OVRO 2, as seen in previous sections, is driving a powerful molecular outflow, which has an estimated kinematical age of the order of a few 10 4 years, which suggests that the powering source is a very young stellar object. The source, which has not been detected at 12 µm by IRAS, has a cold dust temperature, T d ≃ 33 K, and its millimeter emission, which accounts for most of the dust emission in the region, exhibits an extended component that is consistent with an envelope surrounding the source. In order to further compare the properties of the intermediate-mass YSO OVRO 2 with the low-mass case we also checked whether this object is consistent with some correlations between source and outflow properties found for lowmass young objects. As already mentioned in Sect. 4.2, although L bol and the dust continuum emission toward OVRO 2 indicate that the source is an intermediate-mass object, the properties of the molecular outflow are more consistent with those derived for low-mass protostars. Therefore, we checked for the correlation between the circumstellar envelope mass and the momentum rate in the CO outflow given by Bontemps et al. (1996) for low-mass embedded YSOs. For this correlation, Bontemps et al. (1996) correct the observed momentum rate of the CO outflow,Ṗ obs , by a factor 10,Ṗ ≃ 10 ×Ṗ obs , in order to take into account projection and optical depth effects. After applying the same correction factor to the momentum rate of the OVRO 2 outflow, we found that OVRO 2 agrees well with the correlation, and also with the intermediate-mass protostar IRAS 21391+5802 (Beltrán et al. 2002) . Bontemps et al. (1996) also find a correlation between the normalized outflow momentum rate or outflow efficiency,Ṗ c/L bol , and the normalized envelope mass, M/L 0.6 bol . For IRAS 22272+6358A, the estimated bolometric luminosity is L bol ≃ 1200 L ⊙ (Sugitani et al. 1989) . However, this estimate includes the whole region around the IRAS catalogue position. Thus, in order to derive a bolometric luminosity for OVRO 2, we used the relationship between the momentum rate and the bolometric luminosity given by Bontemps et al. (1996) , and we inferred a luminosity of L bol ≃ 580 L ⊙ . By using this luminosity we found that the source has an outflow efficiency consistent with those of low-mass Class I sources, and also with that of IRAS 21391+5802, if one estimates the bolometric luminosity of the latter from the outflow momentum rate by using the Bontemps et al. (1996) correlation. Both intermediate-mass sources, OVRO 2 and IRAS 21391+5802, fit well the correlation of outflow efficiency and envelope mass found by Bontemps et al. (1996) , and both lie in the limit between Class 0 and I region of this diagram. Furthermore, another correlation fitted well by both sources is the one between the radio continuum luminosity at centimeter wavelengths and the momentum rate of the outflow not corrected for inclination obtained by Anglada (1996) . This correlation is in agreement with the predictions of a simple model of shock ionization in a plane-parallel geometry (Curiel 1987 (Curiel , 1989 , which would be able to produce the required ionization in thermal radio jets.
Intermediate-mass outflows have been proposed to be more complex and with more chaotic morphologies than those found toward low-mass protostars (e.g. NGC 7129: Fuente et al. 2001 ). However, this does not seem to be the case of the OVRO 2 molecular outflow in L1206. In addition, unlike the NGC 7129 FIRS1 outflow, the collimation of the OVRO 2 outflow is very high, even at low velocities, similar to the intermediate-mass outflow driven by BIMA 2 in IC1396N (Beltrán et al. 2002) or to the low-mass protostellar flow in HH 211 (Gueth & Guilloteau 1999) . As already discussed by Beltrán et al. (2002) for the BIMA 2 outflow in IC1396N, given that the outflows are usually more energetic for higher mass objects, that the dust emission is often resolved into more than one object, and that intermediate-and high-mass sources are embedded in larger amounts of material, it is to be expected that the interactions between the high-velocity gas and the circumstellar material will be more dramatic, disrupting and pushing more material. Therefore, the complexity of the molecular outflows driven by intermediate-mass protostars is likely a result of the more complex protostellar environment itself.
Interaction of the molecular cloud with the ionized bright-rimmed cloud
The most striking feature of the morphology of the molecular outflow powered by OVRO 2 is the weakness and small size of the redshifted lobe as compared to the blueshifted one (see Fig. 2 ). Or, alternatively, the practically lack of outflowing material south of the YSO OVRO 2. The existence of unipolar, or primarily one-sided, molecular outflows have also been reported for other low-and intermediate-mass star-forming regions (e.g. NGC 2024/FIR5: Richer et al. 1989; HH 46-47: Chernin & Masson 1991; L1641-S3: Stanke et al. 2000 HH 300: Arce & Goodman 2001) . Taking into account that the molecular outflow consists of ambient gas that is swept up from a position close to where it is observed, a possible explanation for the morphology of the OVRO 2 outflow could be that the redshifted lobe breaks out of the molecular cloud. That is, the redshifted wind passes into a region where there is no, or little, molecular material to be swept up. A similar scenario has α (2000) δ ( been suggested to explain the near unipolarity of the HH 46-47 molecular outflow (Chernin & Masson 1991) . Figure 10 shows the superposition of the VLA 1 6 cm emission (archive data) of the bright-rimmed cloud (BRC 44) on the red image of the Digitized Sky Survey 2 toward L1206. The 6 cm emission is spatially coincident with the L1206 dark cloud. The optical bright rim, which is a diffuse H region, coincides with the southern part of the 6 cm emission. This suggests that the H region is located in the background with respect to L1206. Therefore, a more plausible explanation for the morphology of the molecular outflow powered by OVRO 2, could be photodissociation of the redshifted (southern) lobe. The ionization-shock front probably lies very close to the southern redshifted outflow, and thus, any redshifted (southern) ejected material could be destroyed by the intense radiation field at the ionization front. Photodissociation has also been proposed as an explanation of the unipolarity of the NGC 2024/FIR5 outflow (Richer et al. 1989) . In order to check the validity of this possible scenario, we have estimated the internal pressure of the molecular gas in the L1206 cloud and compared it with the Ionized Boundary Layer (IBL) pressure. The IBL pressure divided per Boltzmann's constant, P i /k B , estimated from the NRAO/VLA sky survey (NVSS) data at 20 cm for this bright-rimmed cloud is 8.5 × 10 6 cm −3 K (Morgan et al. 2004) 2 . Following Morgan et al. (2004) , we have esti-
1 The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc.
2 After this paper went to press, we realized that there is an error in the Morgan et al. (2004) paper (L. K. Morgan 2006, private communication), and that the value quoted for the IBL pressure of the cloud should be lower. This brings the pressure difference in the cloud to approximate equilibrium, and therefore, right now, the ionization front mated the internal molecular pressure, P m = σ 2 ρ m , where σ is the velocity dispersion, which can be given in terms of the observed line width ∆v as σ 2 = (∆v) 2 /(8 ln 2), and ρ m is the density of the molecular gas. The velocity dispersion has turbulent and thermal contributions. However, as the clouds are composed mostly of cold gas, one would expect the thermal contribution to be almost negligible. Sugitani et al. (1989) derive ρ m = 2.1 × 10 4 cm −3 from 13 CO observations, but they do not give the value of the observed line width. Thus, using the 13 CO line width derived by Ridge et al. (2003) , we obtained P m /k B ≃ 3.7 × 10 6 cm −3 K. If ones uses ρ m derived from the observations of Ridge et al. (2003) by assuming spherical symmetry of the cloud, the values of P m /k B are 1.8 × 10 6 and 5.0 × 10 6 cm −3 K, for 13 CO and C 18 O, respectively. In summary, the internal molecular pressure ranges from 1.8 to 5.0 × 10 6 cm −3 K, depending on the values of the density and line width adopted, but in any case it is always smaller than the IBL pressure. Thus, the cloud seems to be underpressured with respect to the IBL, and therefore, one might expect photoionization shocks and the ionization front to be propagating into the cloud interior, compressing, heating, and photodissociating the molecular gas. Definitively, the possibility exists that photodissociation is responsible of the morphology of the molecular outflow, and therefore, that the H region is actually eating the outflow.
HC 3 N enhancement
As already mentioned in Sect. 3.4, the HC 3 N emission at velocities of −11.0 and −11.7 km s −1 , which are close to the cloud velocity, is very compact and traces the same material as the continuum emission at 2.7 mm; that is, sources OVRO 2, 3, and 4 (see Fig. 7 ). On the other hand, at velocities of −9.7 and −10.3 km s −1 , which are redshifted with respect to the cloud velocity, the HC 3 N emission is elongated in the same direction as the CO molecular outflow and peaks south of OVRO 2 (see Figs. 7 and 11). As already done in Sect. 4.3 toward OVRO 2, we estimated the HC 3 N fractional abundance toward the red lobe by integrating the gas and the continuum emission in the same area, and assuming that the mass of the gas derived from HC 3 N is the same as that derived from the continuum. The maximum HC 3 N fractional abundance southwards of OVRO 2 is (2-3) ×10 −10 , which compared to 7 × 10 −11 estimated toward OVRO 2, indicates that the emission is enhanced toward the south. The correlation between the dense gas and the molecular outflow suggests that the latter could be responsible of the southern HC 3 N enhancement as a result of shocks that would compress and heat the dense gas. Shock-enhancement of the HC 3 N abundance has also been detected toward L1157 (Bachiller & Pérez-Gutiérrez 1997; Beltrán et al. 2004a ). This hypothesis seems to be supported by the HC 3 N spectrum at the position of the redshifted peak (see Fig. 12 ), which is very different from the spectrum at the position of OVRO 2 (Fig. 9) .
would probably not be travelling towards the protostar but stalled. This does not affect the main conclusion of the work; namely, the fact that the morphology of the L1206 outflow is the result of photoionization from the H region. Note, however, that the velocity of the HC 3 N gas is somewhat lower than that of the CO emission at the same location. This suggests that high velocity material has a lower density, and would thus not be seen in HC 3 N. One should notice that, although the HC 3 N is well correlated with the molecular outflow, the enhancement of HC 3 N is mainly found toward the southern redshifted lobe instead of toward the stronger northern blueshifted one, as one would expect. Furthermore, the peak is found for redshifted velocities with respect to the cloud. One possible explanation for this is that, as mentioned in the previous section, the region southeastern of OVRO 2 is closer to the bright rim and the ionization front, located probably in the background. Therefore, it is possible that the shock front preceding the ionization front has compressed and heated the neutral gas, helping to enhance the HC 3 N abundance. This would support our hypothesis that the photoionization front that is coming after the shock front is the responsible of the weakness and small size of the redshifted southern lobe. It is worth noticing that once the photoionization front will reach the position where the HC 3 N emission is found, there will be a decrease of its abundance as HC 3 N will be dissociated by the UV photons (e.g. Mon R2: Rizzo et al. 2005) .
Conclusions
We studied with the OVRO Millimeter Array the dust and gas emission at 2.7 mm toward IRAS 22272+6358A, an intermediate-mass source embedded in the core of the brightrimmed cloud L1206.
The 2.7 mm continuum emission has been resolved into four sources, OVRO 1, OVRO 2, OVRO 3, and OVRO 4. The strongest source at millimeter wavelengths is OVRO 2, which is most likely the YSO associated with IRAS 22272+6358A, and it is probably the driving source of the CO molecular outflow detected in the region. The millimeter emission of OVRO 2 shows two components, a centrally peaked source, which has a diameter of ∼3200 AU at the 50% of the dust emission peak, plus an extended and quite spherical envelope, which has a size of ∼11800 AU. The mass of OVRO 2, which has been estimated from the dust continuum emission, is 14.2 M ⊙ . The dust emission morphology and properties of OVRO 2, which are consistent with those of low-mass counterpart protostars, indicate that it is an extremely young, deeply embedded intermediate-mass protostar, probably in transition state between Class 0 and I. The sources OVRO 3 and 4 have a similar deconvolved size, ∼5000 AU, and mass, ∼2 M ⊙ , and are probably low-mass protostars.The other source in the region, OVRO 1, could be dusty material entrained by the outflow detected in the region.
The CO (J=1→0) observations have revealed a very weak southeastern redshifted outflow lobe, which is only visible at low outflow velocities, and a much stronger northwestern blueshifted lobe, which extends to very high velocities. This collimated molecular outflow is elongated in a direction with PA ≃ 140
• , and it is clearly centered at the position of OVRO 2. The properties of the outflow are consistent with those of the outflows driven by low-mass YSOs (Bontemps et al. 1996; Anglada 1996) .
The internal molecular pressure for the bright-rimmed cloud BRC 44 ranges from 1.8 to 5.0 × 10 6 cm −3 K, and is smaller than the IBL pressure, P i /k B , which is 8.5 × 10 6 cm pressured with respect to the IBL, and therefore, one might expect photoionization shocks and the ionization front to be propagating into the cloud interior, compressing, heating, and photodissociating the molecular gas. Therefore, photodissociation could explain the weakness of the redshifted lobe and the morphology of the molecular outflow, drawing an scenario where the H region would be, in fact, eating the redshifted outflow lobe.
The spatial correlation between the outflow and the elongated dense protostellar material, as traced by HC 3 N (J=12→11), suggests an interaction between the molecular outflow and the protostellar envelope. Shocks produced by the molecular outflow, and possibly by the shock front preceding the photoionization front coming from the bright rim, would be responsible of the southern enhancement of the HC 3 N abundance for redshifted outflow velocities.
The C 18 O abundance relative to molecular hydrogen estimated toward OVRO 2 is 3 ×10 −8 , a value ∼6 to 13 times lower that typical fractional abundances estimated toward molecular clouds. The most plausible explanation for such a difference is CO depletion toward OVRO 2. The HC 3 N abundance relative to molecular hydrogen estimated toward OVRO 2 is 7 × 10 −11 .
